Objective: To determine if widely available solutions can effectively kill ticks that may be found in the human ear canal. Methods: This study was prospective, controlled and blinded animal study. Lone star ticks (Amblyomma americanum), both nymphal and adult, were submerged in one of four preparations (acetone, isopropyl alcohol 70%, ethanol 95%, or 4% lidocaine) in test tubes (n = 20 per group) for 20 minutes. Ticks were agitated by intermittent probing. Activity of the nymphal ticks was directly observed while those of the adult ticks was video-recorded during the exposure period. Two blinded investigators viewed the videos of adult ticks and during the exposure period to determine the time until death (ie, movement cessation). Mortality was assessed immediately after exposure, and confirmed 24 and 48 hours after exposure.
INTRODUCTION
The human external auditory canal is vulnerable to arachnid incursion. 1, 2 These cases often present with otalgia and tinnitus, [2] [3] [4] [5] which can cause significant emotional distress for the patient. 6 Prompt killing of the tick prior to removal may help to alleviate this distress, reduce the chance of transmission of infectious diseases and of secondary complications, and facilitate the removal process. As compression of the tick body can promote transmission of microbes into the host, 7, 8 and the tick's head can be difficult to grasp (eg, in the anterior sulcus), optimal killing of the tick would involve the tick detaching from the host, facilitating extraction. Furthermore, an ideal preparation would have minimal host toxicity, as the bite effectively creates an open wound in the canal or a perforation of the tympanic membrane.
We have previously assessed the efficacy of common reagents to kill a variety of insects and ticks. 1 In contrast to insects, ticks were not readily killed with common reagents. However, the exposure was limited to 3 minutes.
Based on additional personal experience with otoacariasis, we sought to evaluate the effectiveness of commonly available preparations for killing ticks over a longer exposure period.
MATERIALS AND METHODS

Study Design
The lone star tick (Amblyomma americanum) was chosen for this study because they have been most implicated in cases of parasitism on humans. [9] [10] [11] Both nymphal and adult ticks were used in this study because lone star ticks bite humans in all three life stages, and both could present as foreign bodies to the ear canal. 12, 13 Ticks were purchased from the Oklahoma State University Department of Entomology (Stillwater, OK). All ticks were housed in optimal conditions, as instructed by an entomologist, from 12 hours prior to experimentation to completion of the study. Both nymphal and adult ticks were randomly allocated to four exposure groups. These four exposure reagents were chosen based on the most efficacious reagents from our previous study (ie, 95% ethanol and 70% isopropyl alcohol), additional trial and error with clinical cases (ie, acetone), and input from an entomologist (4% lidocaine). 1 Allocation of the ticks to each of the four experimental groups was concealed, so that the experimenter did not know in which preparation the next tick would be treated. Twenty nymphs and 20 adults were used in each exposure group (80 nymphs and 80 adults in total). Results of 3 adult ticks in each exposure group were discarded due to technical difficulties with the video camera, leaving 17 adult ticks in each of the exposure groups.
Assessment of Acaricidal Activity of the Solutions
Test solutions (acetone, 70% isopropyl alcohol, and 4% lidocaine) were purchased from commercial vendors with the This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. Orobello et al.: Laryngoscope Investigative Otolaryngology exception of ethanol. Pure ethanol was diluted to 95% ethanol using distilled water. Ticks were individually submerged in 1.5 mL of the respective preparation in a 5-mL test tube for 20 minutes. Ticks were agitated with standardized probing intermittently throughout the exposure period. Activity of the adult ticks was video-recorded during the exposure period. After treatment, two blinded investigators viewed the videos and recorded the ticks' exposure time until death, as determined by movement cessation.
Nymphal ticks were directly observed, as they are too small to visualize on the video camera. A blinded investigator exhaled on all ticks immediately after exposure, 24 hours after, and 48 hours after exposure to confirm mortality. Expired air provides warm, humid air and carbon dioxide-a novel chemoattractant for lone star ticks-both of which stimulate tick activity. 14, 15 Upon exhalation, increased tick activity was observed in ticks that survived treatment. Conversely, ticks that did not respond to expired air were deemed dead.
Statistical Analysis
Kaplan-Meier survival curves were fitted by solution type for adult and nymphal ticks. If a tick was still alive after a 20-minute exposure to a preparation, the tick had a censored survival time. Results were charted with the horizontal axis representing the survival time (t) in seconds, and the vertical axis represented the probability of surviving for a time greater than or equal to t seconds. The median survival time was reported as the time at which the probability of surviving to or past time t was 0.5. The log-rank test was used to test the null hypothesis that there were no differences in survival between the four solutions. If this overall test result was significant, all the pairwise comparisons were conducted. These pairwise comparisons were considered statistically significant only if the P value was less than .0125 because the Bonferroni correction was used for multiple testing. The Bonferroni correction was performed to protect the overall type I error rate (significance level) at 0.05.
RESULTS
Three of the four test preparations exhibited effective acaricidal activity (Figs. 1 and 2) . Pure acetone killed all adult and nymphal ticks, while 95% ethanol and 70% isopropyl alcohol each killed all but two adult ticks and all nymphal ticks in the allotted time. The two adult ticks surviving exposure to 95% ethanol and 70% isopropyl alcohol were confirmed dead 24 hours after exposure. Conversely, 4% lidocaine exhibited no acaricidal activity. Acetone proved to be the most effective acaricidal agent, killing both adult ticks (mean time, 562.9 s) and nymphal ticks (mean time, 185.1 s) significantly quicker than did the other tested preparations (nymphs, P < .0001; adults, P < .0001).
Bonferroni's multiple comparisons test showed the differences in mean survival time, acetone versus 70% isopropyl alcohol and acetone versus 95% ethanol, to be significant in both adult and nymphal ticks (P < .0001). However, the difference in mean survival time between 70% isopropyl alcohol and 95% ethanol was not significant for either adult or nymphal ticks.
DISCUSSION
Ticks may present as foreign bodies of the external ear canal, causing unpleasant symptoms such as otalgia and tinnitus. [2] [3] [4] [5] Worse yet, otoacariasis may lead to secondary infections such as Lyme Disease and Rocky Mountain spotted fever, as well as severe complications including sensorineural hearing loss and vertigo. 9, 16, 17 Effective clinical management of otoacariasis is important in improving patients' quality of life and preventing serious secondary complications. We were unable to identify an effective acaricidal agent in our previous study. 1 We hypothesized that increasing the exposure period of the ticks to the reagents would improve their acaricidal activity. Ethanol and isopropyl alcohol effectively killed nearly all of the ticks, supporting our initial hypothesis that these agents are acaricidal given a prolonged exposure time. Acetone was the most effective reagent, quickly killing all tested ticks.
Lidocaine did not exhibit any acaricidal or paralyzing activity. Contrary to Somayaji and Rajeshqari's previous report, 2 both nymphal and adult ticks remained highly active throughout the lidocaine exposure period. Hence, we concluded that lidocaine is not an effective agent, as it would neither facilitate extraction nor kill the ticks.
Clinically, acetone may be the reagent of choice in cases of otoacariasis because acetone seems to be uniformly acaricidal in the present study. Acetone works significantly quicker than ethanol and isopropyl alcohol. Thus, the external ear canal can be treated with acetone for a shorter period of time. Moreover, acetone is minimally toxic and is not considered mutagenic or carcinogenic when applied to the skin. Chronic skin exposure to acetone can cause irritant dermatitis, but short-term dermal exposure to acetone is well-tolerated.
14 Acetone has been used previously in the ear canal of patients to facilitate the removal of superglue (cyanoacrylate), 15, 16 styrofoam (polysterene), 17 and chewing gum. 18 In these reports, a few drops of pure acetone was instilled directly into the ear canal or a cotton ball was soaked in pure acetone and the cotton ball was left in the ear canal. The duration of acetone in the ear canal in these studies was anywhere from 30 seconds to 10 minutes. These studies concluded that acetone was relatively safe, with no considerable damage to the ear canal skin or tympanic membrane. In the present study, acetone killed all nymphal and adult ticks in about three and nine minutes, respectively. This amount of time is within the 10 minutes that Abadir et al. 15 used acetone in the external meatus in one of their two cases. However, although the toxic effects of acetone on the external ear may be local and minimal, [15] [16] [17] research regarding the potential ototoxicity (ie, toxicity to the inner ear) of acetone is lacking. Due to potential perforation of the tympanic membrane by the tick bite, acetone should be used with caution in the presence of a non-intact tympanic membrane. Although acetone evaporates very rapidly, irrigation of the ear canal with sterile water 17 may help minimize the potential adverse effects of acetone.
Ethanol and isopropyl alcohol also effectively killed nearly all of the ticks, but it took twice as long compared to that of acetone. Furthermore, ethanol has been shown to cause erythema and mild edema in the mucosa of the middle ear cavities of sand rats treated with 70% ethanol as antiseptic, 19 while 90% to 95% isopropyl alcohol used as a prophylaxis for otitis externa dries the ear canal, and can cause stinging and local irritation. 20 Both ethanol and isopropyl alcohol have the potential for ototoxicity. [21] [22] [23] Again, due to potential perforation of the tympanic membrane by the tick bite, the ototoxicity of these reagents must be weighed against their benefits.
Accordingly, all of these acaricidal solutions should be used with caution in the presence of a non-intact tympanic membrane due to potential for ototoxicity.
CONCLUSIONS
Acetone was the fastest acting and most effective reagent, followed by ethanol and isopropyl alcohol. These solutions may prove useful in otoacariasis with an intact tympanic membrane. 
